Introduction 38
Apparent maturity gaps and maturity inversions in vitrinite reflectance (Ro) vitrinite reflectance in the case of intrusions is expected to be significant but highly 58
localised. 59
Vitrinite suppression by bitumen is well documented in oil source rocks including coals. 60 In this study we examine bulk and high resolution vitrinite reflectance measurements to 71 examine whether reported Ro variability can be replicated. We utilise other independent 72 maturity parameters such as organic biomarkers, Rock-Eval and aromaticity to provide 73 an alternative measure of maturity in the coals. Focussing upon the role of oil potential 74 in Ro suppression we compare Rock-Eval hydrogen index (HI) values with vitrinite 75 reflectance to attempt to correct for the suppression effect. The implications for the 76 thermal regime, missing overburden estimates, sediment compaction and sediment 77 transportation to the Barents Sea are then discussed. 78
Geological Setting 79
Svalbard ( Formation is marked by a low angle unconformity with the Lower Cretaceous 95
Carolinefjellet formation, sometimes marked by a basal conglomerate known as the 96
Grønfjorden bed (Harland, 1997 , Dallmann, 1999 . 97
98
To the west an additional offshore unit is also observed, known as the Kolthoffberget 99 Member ( Fig. 2; Dallmann, 1999 ). The Todalen Member represents the main coal(Engelhart et al., 2013). The Hydrogen Index (HI) was calculated from S2 x 100/TOC and 135 the Oxygen Index (OI), S3 x 100/TOC. The error on the Tmax is about ±6 °C. 136
137
In order to examine organic maturity parameters in the solvent extractable hydrocarbon 138 fraction from the Adventdalen coals (BH-5-2009 and Mine 7 Section), the coals were 139 subjected to accelerated solvent extraction (ASE) using a 93:7 DCM: methanol mixture 140 for a period of 24hrs, and separated into aliphatic, aromatic and polar fractions by silica-141 alumina adsorption column chromatography (15 ml n-hexane; 15 ml n-hexane:DCM (3:2 142 v/v); 15 ml DCM:,methanol (1:1 v/v). Aliphatic and aromatic fractions were analysed by 143 GC-MS in both the SIM and full scan (m/z 50-450) modes, using a Varian CP-3800 gas 144 chromatograph, interfaced to a Varian 1200 mass spectrometer (EI mode, 70eV). 
Vitrinite Reflectance 171
Examination of vitrinite reflectance values (Table 1) (Table S1 ). In addition the Colesdalen coals 215
show less variability with values consistently high throughout the seam with the 216 exception of two more ash rich samples. 217
The vitrinite reflectance measurements (Table S1) unlikely to be the product of differing thermal histories. As a result, the suitability of 222 vitrinite reflectance in these coals as a measure of maturity will be examined by 223 comparing Ro data with independent measures of maturity such as organic maturity 224 parameters, Rock-Eval and aromaticity. 225
Organic Maturity parameters 226
Coals from BH 5/2009 and Mine 7 were selected to further examine the true maturity of 227 the Svea, Longyear and Svarteper seams through organic geochemical biomarkers in 228 Soxhlet extracted oils. Organic Geochemical maturity parameters (Table 1) can be 229 highly specific at low maturities but often reach equilibrium at around Ro 0.7%, making 230 many of little use at higher maturities (Peters et al., 2005) .
Aliphatic maturity parameters for the Todalen coals are at or approaching equilibrium 232 (Table. 1 (Table S2) Colesdalen the most mature with values approaching 0.1 (Fig.8) . As with Tmax the coals 277 with the highest HI values appear to be closest to generation, particularly in the 278
Colesdalen region (Fig.8) (Table S2 ). This confirms that the upper coal seams 285 across eastern central basin have significant oil potential compared to the Svea Seam. 286
The plot of HI vs OI (Fig.8) 
Quantifying the suppression effect 301
Direct measurement of aromaticity (of which Ro is an indirect measurement) is a useful 302 tool in the derivation of maturity in some coals (Stephens et al., 1985 , Carr and 303
Williamson, 1990). 304
The aromaticity (%) of the Svalbard coals (Fig.9) differs greatly between the Longyear 305 and Svea seams (50% vs. 70% respectively). Using the calibration of Carr and 306
Williamson, (1990), yields equivalent Ro values of 0.76 % (Svea) and 0.50% (Longyear). 307
This is clearly not the case, as the Longyear seam bears no resemblance to a brown coal 308
and is likely to have entered the early oil window in most areas. The Svea, which is not 309 oil prone, exhibits an aromaticity consistent with observed maturity. Consequently, the 310 observed maturity gap between the Svea and Longyear seams must be caused by 311 significant amounts of additional aliphatic material within the Longyear seam. 312
To quantify this suppression effect from normal bituminous Svea coal (75 parts 313 aromatic: 25 parts aliphatic), additional aliphatic carbon within the oil prone Longyear 314 coal would account for 33% of total carbon. This is approximately equivalent to 380-315
400mg/g TOC, which is very close to HI values observed throughout the Eastern Central 316
Tertiary Basin (Table S2) . Variations in the amount of additional aliphatic material 317 must therefore be responsible for apparent inter and intra seam maturity variation, 318 maturity gaps and maturity inversions within Firkanten Formation coals. 319
Discussion 320

Maturity of coals 321
At a bulk scale the Ro difference observed (Orheim et al., 2007) has been replicated with 322 the Longyear seam in particular appearing to show a rapid decrease in maturity up-323 seam. However, this variability does not appear to be replicated by independent 324 measures of maturity such as organic maturity parameters and Rock-Eval. In addition 325 these parameters indicate that the coals have a thermal maturity in excess of Ro % 0.70 326 indicating that the coals reached maturities consistent with the early to mid oil window. The effect upon Ro is clear (Fig.8) indicating an apparent maturity equivalent to that of R0 0.5% and 0.78% 588 respectively (Carr and Williamson, 1990 ). This cannot be the case as the 589
Longyear is not a lignite, therefore the Longyear is enriched with non-coaly 590 aliphatics .  591  592  593  594  595  596  597  598  599  600  601  602  603  604  605  606  607  608  609  610  611  612  613  614  615  616  617  618  619  620  621  622  623  624  625  626  627  628  629  630  631 632  633  Figure 1  634  635  636  637  638   639  640  641  642  643  644  645  646  647  648  649  650  651  652  653  654  655  656  657  658 888  889  890  891  892  893  894  895  896  897  898  899  900  901  902  903  904  905  906  907  908  909  910  911  912  913  914  915  916  917 
